Nanomineralogy is the study of Earth and planetary materials at nano-scales, focused on characterizing nanofeatures (like inclusions, exsolution, zonation, coatings, pores) in minerals and revealing nanominerals and nanoparticles [1, 2] . With advanced high-resolution analytical scanning electron microscopy, we are now capable to characterize solid materials in situ easier and faster down to nano-scales [3] Presented here are a few new refractory minerals (including panguite, kangite, allendeite and tistarite) from the Allende meteorite and demonstrate how nanomineralogy works with an integrated EPMA-SEM-EDS-EBSD approach. EPMA, pioneered by Castaing, is one of the most important research tools in Earth sciences [13], which is responsible for discovery and/or chemical composition determination of new minerals since 1960s. Field emission SEM is widely available nowadays for nanoimaging with EDS for fast elemental analysis and EBSD for crystal structure and orientation studies. EBSD has been used successfully for structure determination of new minerals since 2006 [14] .
Nanomineralogy is the study of Earth and planetary materials at nano-scales, focused on characterizing nanofeatures (like inclusions, exsolution, zonation, coatings, pores) in minerals and revealing nanominerals and nanoparticles [1, 2] . With advanced high-resolution analytical scanning electron microscopy, we are now capable to characterize solid materials in situ easier and faster down to nano-scales [3] [11] . They are among the first solids formed in the solar nebula. To date, ~ 45 refractory minerals plus about 15 presolar minerals mark the beginning of the solar mineral evolution. There are now about 4800 mineral species identified on Earth. Minerals in the solar system evolved as a consequence of physical, chemical and biological processes over the past 4.568 billion years [12] .
Presented here are a few new refractory minerals (including panguite, kangite, allendeite and tistarite) from the Allende meteorite and demonstrate how nanomineralogy works with an integrated EPMA-SEM-EDS-EBSD approach. EPMA, pioneered by Castaing, is one of the most important research tools in Earth sciences [13] , which is responsible for discovery and/or chemical composition determination of new minerals since 1960s. Field emission SEM is widely available nowadays for nanoimaging with EDS for fast elemental analysis and EBSD for crystal structure and orientation studies. EBSD has been used successfully for structure determination of new minerals since 2006 [14] .
Panguite (IMA 2010-057) is a high-temperature titania mineral with a cation-deficient Pbca bixbyite-related structure and a formula unit (Ti,Al,Sc,Mg,Zr,Ca) 1.8 O 3 , occurring with davisite (a newly-approved Sc-rich clinopyroxene [8] ) in ultra-refractory inclusions from Allende [6] and Murchison, as shown in Fig. 1 3 . EBSD patterns of panguite imply a CaF 2 -type structure, which assisted in identifying its bixbyite-related structure (a defect form of the CaF 2 structure) by synchrotron diffraction [6] . Nature shows many advantages over technology on materials synthesis. The knowledge of minerals can be used for getting inspired on making new materials with useful properties [15] . Panguite and kangite are not only new minerals but also new materials from the solar nebula, which can be exploited for finding engineering materials.
